This study was conducted to determine the safety and efficacy of the green tea-derived Polyphenon E (Poly E) in patients with Barrett's Esophagus (BE). Subjects were randomized to a 6-month, twice daily (BID) oral treatment of placebo or Poly E (200, 400, or 600 mg). Endoscopic evaluation, including biopsies, was performed before and after treatment. The primary objective was to demonstrate safety; secondary objectives investigated catechin accumulation and effects in clinical specimens. Of the 44 enrolled subjects, 11 received placebo, and 33 received Poly E. No dose-limiting toxicities were encountered, and a maximum tolerated dose (MTD) was not reached. The recommended phase II dose was 600 mg twice daily. The most common treatment-related adverse events (AE) in Poly E-treated subjects were grade I and II nausea, grade I belching, and grade I lactate dehydrogenase (LDH) elevation. No treatment-related AEs were reported in placebo-treated subjects, aside from grade I laboratory abnormalities. Pill counts and subject diaries were not consistently collected, and compliance was difficult to determine. However, on the basis of an intention-to-treat analysis, there was a significant relationship between Poly E dose and esophageal EGCG level-mean changes (pmol/g) of 0.79 (placebo), 6.06 (200 mg), 35.67 (400 mg), and 34.95 (600 mg); P ¼ 0.005. There was a possible relationship between Poly E dose and urine PGE-M concentration. In conclusion, Poly E was welltolerated, and treatment with Poly E (400 and 600 mg) but not Poly E (200 mg) or placebo resulted in clinically relevant and detectable EGCG accumulation in the target organ, esophageal mucosa. Cancer Prev Res; 8(12); 1131-7. Ó2015 AACR.
Introduction
Population studies have demonstrated an inverse relationship between green tea consumption and incidence and mortality rates for a variety of human malignancies, including those of the breast, esophagus, stomach, and hematologic system (1, 2) . In addition, there is an extensive literature demonstrating the anticancer activity of several green tea-derived compounds or catechins, including epigallocatechin gallate (EGCG), the major biologically active component of green tea, in a wide variety of cell culture (including esophageal cancer) and animal models (1, (3) (4) (5) . Clinical trials of green tea preparations have demonstrated clinical responses in patients with chronic lymphocytic leukemia (CLL) and precancerous lesions of the cervix, prostate, and colon (6) (7) (8) (9) .
Polyphenon E (Poly E) is a standardized botanical drug substance that is extracted from green tea leaves and contains a defined mixture of catechins (80%-98% total catechins by weight)-EGCG (50%-75%) and other catechins ( 12%), including epicatechin (EC), epigallocatechin (EGC), epicatechin gallate (ECG), and gallocatechin gallate (GCG). Each 200-mg capsule of Poly E contains 200 mg of EGCG. Poly E and EGCG have been formulated into capsules by the Chemoprevention Agent Development Research Group at the National Cancer Institute (NCI) and are undergoing active clinical investigation for the prevention and treatment of a variety of cancers (9, 10) .
Materials and Methods

Study design
This was a randomized, double-blinded, multicenter phase Ib clinical trial that enrolled patients with BE with or without lowgrade dysplasia (LGD) from Columbia University Medical Center (CUMC; New York, NY), the Weill-Cornell Medical Center (New York, NY), and the MD Anderson Cancer Center (MDACC; Houston, TX). Subjects were randomized to a 6-month treatment course of either placebo or Poly E (200, 400, 600 mg twice daily; Fig. 1 ). Endoscopic evaluation including biopsy was performed at baseline and after 6 months of treatment, and subjects were followed for an additional 6 months after completing treatment.
The protocol [MDA03-1-01] was approved by the Institutional Review Board at each participating institution and was conducted in accordance with the ethical principles of the Declaration of Helsinki. All study subjects provided written informed consent before participating in the trial. This clinical trial was registered at ClinicalTrials.gov with accession number NCT00233935.
The trial was designed jointly by the academic authors and representatives of the NCI Division of Cancer Prevention. The corresponding academic author prepared an initial draft of the manuscript, and all authors contributed to subsequent drafts and made the decision to submit the manuscript for publication.
Eligibility
Eligibility criteria included age 18 years or older; histologically confirmed, Barrett's metaplasia (with or without LGD or indeterminate for dysplasia); willingness to abstain from tea consumption during treatment; and adequate marrow and organ (including hepatic) function. Subjects with high-grade dysplasia, invasive carcinoma of the esophagus, or other active malignancy within 5 years were not eligible for enrollment. Central pathology review of all biopsies by 2 independent pathologists (HH and HR1, CUMC) was required for enrollment. All cases for which there was disagreement regarding the presence of LGD were reviewed by a third pathologist (HR2, CUMC).
Study objectives
The primary objective of this study was to demonstrate the safety [i.e., determine the maximum tolerated dose (MTD)] of using Poly E over a 6-month period in patients with BE with or without LGD.
Secondary objectives investigated the pharmacodynamic properties of Poly E [i.e., accumulation of catechin constituents (e.g., EGCG) in esophageal tissue] and dose-related efficacy-reducing metaplasia and dysplasia; modulating PGE-M in urine; and regulating protein expression in esophageal mucosa.
Safety
Safety was assessed by monitoring clinical and laboratory parameters at baseline, every 2 weeks during the first month, then monthly for the duration of the study.
Adverse events (AE), weight, vital signs (heart rate, blood pressure, respiratory rate, temperature), and clinical laboratory changes (hematology, biochemistry, liver and renal laboratory tests, and urinalysis) were recorded at each clinic visit.
Toxicities were graded according to NCI Common Terminology Criteria for Adverse Events (CTCAE) version 3.0 (11) .
Toxicities were managed generally by interrupting treatment until resolution to grade I or baseline. Study drug may have been held or discontinued, but dose reductions were not allowed. For grade I elevations of liver laboratory tests [total bilirubin, alkaline phosphatase, aspartate aminotransferase (AST; SGOT), alanine aminotransferase (ALT; SGPT)], study drug was held until recovery to normal. For grade II-IV elevations, study drug was discontinued and laboratory tests were monitored until resolution to normal. For all other grade III-IV toxicities, study drug was held, and the decision for resumption or discontinuation was at the discretion of the Study Investigator.
Efficacy
Surveillance endoscopy was performed at baseline and after 6 months of Poly E or placebo treatment. Standard four-quadrant biopsies were taken every 2 cm throughout the longest segment of BE using standard biopsy forceps ($3 mm by 1 mm) and were processed by routine methods (i.e., formalin fixation and paraffin embedding) for histologic evaluation (including characterization of the degree of dysplasia). [For patients with "short-segment" BE ( 3 cm), biopsies were taken every 1 cm.] An additional two biopsies were taken from each level, frozen immediately in liquid nitrogen in snap-cap vials and stored at À70 F.
Esophageal tissue levels of catechins. Fresh frozen esophageal tissue was collected at baseline and after treatment to measure levels of Poly E catechin constituents (EGCG, EGC, EC). Tissue specimens were embedded in cryopreservation medium, placed in snapcapped tubes, and then frozen immediately in liquid nitrogen. Samples were analyzed using a validated method as previously described (12) . Briefly, sample extracts were prepared using methanol/ethyl acetate and analyzed on a high-performance liquid chromatography (HPLC) system composed of an ESA coulochem electrode array system. Catechin concentrations were assayed and interpreted by an observer blinded to the treatment (placebo vs. Poly E) using previously described methods (12) .
Endoscopic measurements and pathologic classification. Visual endoscopic measurements were recorded during the baseline and month 6 endoscopies. The length of Barrett's epithelium was measured from the squamocolumnar junction to the esophagogastric junction at the top of gastric folds. Biopsies were evaluated for the presence of metaplasia and dysplasia using currently accepted guidelines. Efficacy was evaluated by measuring histologic characteristics in esophageal mucosa (disease regression, stabilization, or progression) obtained in sequential biopsy specimens. The pathologist was blinded to the treatment (placebo vs. Poly E).
Urine PGE-M measurement. Urine was collected during the month 3 or 4 clinic visit and then stored at À70 F. PGE-M concentrations Study schema. Subjects were randomized to a 6-month, twice daily (BID) oral treatment of either placebo or Poly E (200, 400, 600 mg dose cohorts). Endoscopic evaluation, including multiple biopsies, was performed at baseline and after treatment.
were measured in the Eicosanoid Core Laboratory at Vanderbilt University (Brentwood, TN) using previously described methods (13) . Briefly, urine samples were treated with methyloxime HCl to convert PGE-M to the O-methyloxime derivative. The methoximated PGE-M was extracted, applied to a C-18 Sep-Pak, and eluted with ethyl acetate. Liquid chromatography was performed using a Waters Acquity UPLC fitted with an Acquity BEH C18 UPLC column (2.0 Â 50 mm 2 , 1.7 mm) coupled to a Thermo Scientific Quantum Vantage triple quadrupole mass spectrometer. Quantification of PGE-M was calculated by radiometric determinations of unlabeled:labeled peak areas corresponding to both precursor and product ions. Urinary creatinine levels were measured using a test kit from Enzo Life Sciences, Inc. The urinary PGE-M level in each sample was normalized using the urinary creatinine level of the sample and expressed in ng/mg creatinine. PGE-M concentrations were assayed and interpreted by an observer blinded to the treatment (placebo vs. Poly E).
Reverse-phase protein arrays. Protein and phospho-protein expression were measured in paraffin-embedded esophageal mucosal tissue using functional proteomics (reverse-phase protein arrays; RPPA) in collaboration with the Functional Proteomics RPPA Core Facility at the MDACC. Protein from paraffin blocks or immunoblanks were extracted at CUMC and combined (ng protein lysates) according to procedures provided by the RPPA Shared Resource (14). Protein lysates were submitted to the RPPA Core Facility for analysis.
Statistical analysis
Subjects were enrolled in a staggered fashion, and randomization was conducted in blocks of 4 subjects, such that 1 of every 4 consecutive subjects was randomized to the placebo, and the other 3 subjects received one of the Poly E doses (200 or 400 or 600 mg) according to the time-to-event continual reassessment method (TITE-CRM; 15). The initial seven recruited subjects would be assigned to either placebo or the lowest dose of Poly E. Therefore, a total of 30 subjects were planned to receive a dose of Poly E. This sample size would ensure that estimates of any binary variable, including incidence of toxicity, would have a 95% confidence interval (CI) of width < 0.36.
The MTD was defined as a dose that causes 25% dose-limiting toxicity (DLT) that occurs during the 6-month treatment. A DLT was defined according to the NCI CTCAE (Version 3.0): any grade III or higher toxicity, or any grade II or higher hepatic or renal toxicity. The majority of DLTs were expected to occur during the first month of treatment. However, if any DLT were observed after the first month, the TITE-CRM would automatically consider this DLT and de-escalate the treatment dose assigned to the next recruited subject. The decision for escalation was made after every 5 subjects were evaluated for toxicity at a single dose. Every subject was followed for the entire 6-month treatment period for toxicity evaluation.
All subjects were evaluable for toxicity from the time of their first dose of study drug (Poly E or placebo). All subjects included in the study were also assessed for response to intervention. The placebo group provided the background rate of lower grade toxicities as well as important reference levels for all biomarkers. Because of the small sample size, parameter estimation was not considered in the analysis of the efficacy endpoints. Doseresponse relationships were explored in an estimation framework. Generalized linear models were used to establish the doseresponse relationship of each outcome. Logistic regression was used for binary outcomes.
For the dose escalation and DLT (primary) endpoints, subjects who demonstrated at least 80% compliance with the planned dose intervention were included in the analysis. For the efficacy (secondary) endpoints, all noncompliant subjects were analyzed according to the intent-to-treat principle. Compliance was defined as completion of the entire 6-month treatment course. Measures of compliance included completion dates of planned dose intervention, pill counts determined from pharmacy records, and daily subject diaries. Subjects in the 600-mg cohort who were not evaluable based on incompletion of the planned dose intervention were replaced by additional recruitment.
RPPA.
A linear models for microarray data (LIMMA) moderated tstatistic was used to test the null hypothesis that the difference between the change in protein concentration upon treatment with Poly E (600 mg) versus placebo: (600 time2 À 600 time1 ) ¼ (0 time2 À 0 time1 ) (16, 17) . P values were corrected for multiple testing using the false discovery rate (FDR) according to the method of Benjamini and Hochberg (18) .
Results
Between November 2005 and November 2009, 261 subjects were screened for study enrollment at 3 centers-CUMC, WeillCornell Medical Center, and the MDACC. Sixty-six subjects were consented, and 44 were randomized to treatment with either placebo or Poly E. The target sample size was 40 evaluable subjects for dose escalation (i.e., !80% compliance with the intended treatment course). During the study, 7 subjects were not evaluable for dose escalation-2 subjects (200-mg cohort: pregnancy, incomplete course), 1 subject (400-mg cohort: elevated lipase), and 4 subjects (600-mg cohort: 2 subjects with persistent grade I ALT elevation, 1 lost to follow-up, and 1 subject with nausea). Thus, 4 subjects in the 600-mg cohort were replaced. No studyrelated procedures were begun in any subject before signing of an informed consent document. Pill counts and daily subject diaries were not consistently collected, and compliance was difficult to determine for the majority of subjects.
A total of 44 subjects were enrolled in a staggered fashion and randomization was conducted in blocks of 4 subjects, such that 1 in each block received placebo and 3 received Poly E (200 mg, 400 mg, or 600 mg) according to the TITE-CRM. Of the 44 randomized subjects, 11 subjects received placebo, and 33 subjects received Poly E-200 mg (6 subjects), 400 mg (7 subjects), 600 mg (20 subjects). Table 1 shows the baseline characteristics of the 44 randomized subjects. The majority of subjects were male (75%), Caucasian (100%), and non-Hispanic (93%). More subjects in both treatment groups did not consume green tea, and the majority of subjects in both groups had metaplasia only and no evidence of esophagitis at baseline endoscopy. There were no significant differences in any baseline characteristic between Poly E-and placebo-treated subjects.
Subject characteristics
Safety
No DLTs were encountered in any subject during the trial, and a MTD was not reached.
A total of 631 AEs were reported among the 44 randomized, Poly E-treated (451 AEs) and placebo-treated (180 AEs) subjects. These included AEs that were present during the baseline visit, before the start of study treatment (data not included). Conservative reporting of AEs (including those at baseline) was followed because of the nature of the study indication (i.e., cancer prevention), as opposed to the more routine reporting of AEs in chemotherapy trials (i.e., AEs that were absent at baseline prior to the initiation of study treatment or present that worsened in intensity after initiation of study treatment; i.e., "non-baseline AEs"). There was no difference in the type or severity of total AEs (including baseline abnormalities and onstudy drug abnormalities) as compared with those AEs that occurred after starting study drug (non-baseline AEs; data not included). The large majority of reported AEs were liver, pancreas, and renal laboratory abnormalities and were reported in both Poly E-treated and placebo-treated subjects. The most common non-laboratory, clinical AEs were abdominal pain/ discomfort, belching, diarrhea, loss of energy, nausea, and upper respiratory infection. There was only one grade 3 AE (elevated lipase; 400 mg cohort) and one grade 4 AE (nonsmall cell lung cancer; placebo; onset 1 year after study treatment). Both were assessed as unrelated to study drug. The lipase measurement was repeated 15 days later and was within normal limits. All other AEs were grade I or II. One case of persistent nausea (600-mg cohort) and 2 cases of persistent grade I elevated ALT (both in 600-mg cohort) led to study drug discontinuation. One subject (200 mg) developed pregnancy during the trial, which led to study drug discontinuation. None of the remaining subjects, including 20 subjects who were treated in the 600-mg cohort, discontinued Poly E for an AE.
The most common AEs reported in Poly E-treated (vs. placebotreated) subjects were laboratory abnormalities-low glucose (58% vs. 18%), low chloride (42% vs. 54%), and elevated BUN (39% vs. 9%). All were grade I in severity. Grade 1 elevations in creatinine were reported in 18% of Poly E-treated subjects and no placebo-treated subjects. There were no grade 2 or higher elevations in either BUN or creatinine. The most common non-laboratory AEs reported in Poly E-treated (vs. placebo-treated) subjects were gastrointestinal (GI)-nausea (21% vs. 0%), abdominal pain/discomfort (15% vs. 9%), and diarrhea (12% vs. 9%). Elevations in ALT (grade I) were reported in 9% of Poly E-treated and 17% of placebo-treated subjects; elevations in AST (all grade I) were reported in 9% of Poly E-treated and 27% of placebo-treated subjects.
A total of 26 AEs in 13 subjects were considered as possibly or probably related to study treatment ( Table 2 ). The most common treatment-related AEs reported in Poly E-treated subjects were nausea (15%) and abdominal pain (including discomfort and gas; >9%). No treatment-related AEs were reported in placebotreated subjects, aside from grade I laboratory abnormalities. Treatment-related AEs (GI symptoms, fatigue, liver laboratory abnormalities; all grade I) were reported in only 3 of the 20 subjects (15%). Thus, although we did not achieve a MTD, the recommended phase II dose (RP2D) was determined to be the highest dose tested-Poly E 600 mg BID.
Efficacy
Poly E catechin accumulation. Fresh-frozen esophageal tissue was collected at baseline and after treatment to measure levels of Poly E catechin constituents (EGCG, EGC, EC). The study required that study treatment should continue until the day of the posttreatment endoscopy. However, in 15 subjects, treatment completion occurred prior to the posttreatment endoscopy (<2 weeks for 9 subjects and >2 weeks for 6 subjects) for scheduling and other reasons that were not reported. Thus, continued exposure to study treatment was absent prior to the posttreatment endoscopy. In addition, posttreatment endoscopy specimens were missing for 10 subjects.
Regardless of these missing and delayed endoscopy specimens and based on an intention-to-treat analysis, there was a doseexposure relationship between the dose of Poly E and mean change in EGCG concentration (pmol/g) between the baseline and posttreatment specimens-0.79 (placebo; n ¼ 10), 6 .06 (200 mg; n ¼ 5), 35.67 (400 mg; n ¼ 5), and 34.95 (600 mg, n ¼ 11); P ¼ 0.005, Spearman correlation test (Fig. 2) . Thus, treatment with Poly E (400 and 600 mg) but not Poly E (200 mg) or placebo resulted in detectable EGCG accumulation in the target organ, esophageal mucosa. Of note, mean EGCG concentrations (range; SD) at baseline and posttreatment were 7.54 (0-18.87; 6.50; placebo), 1 There were 6 subjects who demonstrated high accumulations of EGCG (i.e., greater than 50 pmol/g)-2 subjects in the 400-mg cohort and 4 subjects in the 600-mg cohort. Of note, the posttreatment endoscopy of 4 of the 6 high-accumulating subjects occurred on the same day as the last treatment dose; for the 2 other subjects, the posttreatment endoscopy occurred 20 days before and 9 days after the last treatment dose. Intervals between the dates of the last Poly E dose and posttreatment endoscopy (i.e., "days off" of Poly E prior to biopsy) were determined to investigate whether an imbalance in continued Poly E exposure contributed to the observed dose-exposure relationship. The mean days off (AESD) were greater in the placebo (20.7 AE 62.31) and 600 mg (13.64 AE 35.03) cohorts compared with the 200 mg (4.2 AE 7.26) and 400 mg (5.2 AE 7.66) cohorts. However, decreased EGCG with lack of continued Poly E (i.e., days off) administration was not observed in the 600-mg cohort. These results suggest that study drug accumulation can occur in the target organ despite interrupted drug exposure.
Endoscopic measurements and pathologic classification. Treatment with Poly E or placebo for 6 months did not reduce the length of Barrett's epithelium. The median difference in length was 0 cm in all four cohorts. Furthermore, there were no significant changes in histologic characteristics between the dose cohorts, although the large majority of baseline specimens contained metaplasia only (Table 1 ). In one subject (placebo), high-grade dysplasia was observed in the posttreatment endoscopy specimen. The length of Barrett's epithelium for this subject was 2 cm.
Urine PGE-M measurement. Urine specimens were collected for each subject during the month 3 or 4 clinic visit. Urine specimens were not collected from 15 subjects. The mean urine PGE-M concentrations (ng/mg creatinine) with treatment were 4.86 (placebo; n ¼ 9), 6.78 (200 mg; n ¼ 3), 9.02 (400 mg; n ¼ 5), and 7.89 (600 mg; n ¼ 11), and there was a possible relationship between the dose of Poly E and urine PGE-M concentration (Fig. 3) . This trend was not statistically significant (data not included). There were 5 subjects with high concentrations of PGE-M (i.e., >10 ng/mg creatinine).
RPPA. Protein was extracted from formalin-fixed, paraffinembedded specimens from all enrolled subjects. However, amounts of protein adequate for array hybridization were obtained from only subjects enrolled at CUMC and the MDACC (data not included). Furthermore, unsupervised clustering demonstrated that samples obtained at CUMC clustered separately from those obtained at the MDACC (data not included), suggestive of a "batch effect" in the analysis. Thus, only samples from CUMCenrolled subjects, which provided a greater sample size than those from MDACC-enrolled subjects, were included in the comparative proteomic analysis (3 placebo, 8 Poly E 600 mg) to avoid detection of wide signaling distributions between the 2 enrolling site cohorts. Treatment with Poly E or placebo did not lead to any statistically significant changes in mucosal protein expression.
Discussion
Patients with BE have an increased risk of developing esophageal cancer, and there are currently no proven approaches for preventing cancer in this population (19) . Thus, patients must undergo aggressive surveillance endoscopy involving multiple biopsies.
We conducted a phase Ib study of Poly E in subjects with BE with or without LGD. Patients with BE often have chronic gastroesophageal reflux, including symptoms of nausea, vomiting, and abdominal pain. Thus, we designed a double-blinded, placebo-controlled, randomized trial to differentiate GI side effects that are commonly observed with other green tea preparations (20) from those existing at baseline. While nausea and abdominal pain/discomfort were observed in this study, they were generally mild or moderate and did not lead to treatment discontinuation. There were few AEs that were assessed as related to Poly E; however, persistent grade I nausea and persistent grade I ALT elevations did lead to treatment discontinuation. Thus, persistent low-grade toxicities are certainly relevant in the non-cancer population who would be expected to take chemoprevention treatment chronically.
Because this was a chemoprevention and not cancer treatment study, investigators were guided to report all AEs and laboratory abnormalities as AEs, including those present before study Mean EGCG concentrations (pmol/g) in esophageal tissue specimens. Fresh-frozen esophageal tissue was collected at baseline and after 6 months of treatment with placebo or Poly E (200, 400, 600 mg). EGCG concentration was measured by HPLC. EGCG concentration was assayed and interpreted by an observer blinded to the treatment (placebo vs. Poly E).
Polyphenon E Dose (mg) Urine PGE-M (ng/mg creatinine) treatment and any laboratory result that was higher than the upper limit of normal. Thus, the very large number of grade I laboratory abnormalities in all cohorts, including placebo, were the most common class of AEs reported in this trial. No significant differences in AEs were apparent between Poly E-or placebo-treated subjects, although this study may not have been powered to detect differences between cohorts due to small sample sizes. We did not encounter any DLTs in this study, and therefore an MTD was not reached. Poly E was tolerable up to the maximum dose tested (600 mg BID), in which treatment-related AEs (all grade I GI symptoms, fatigue, or liver laboratory abnormalities) were reported in only 3 of 20 subjects (15%). Thus, although we did not achieve an MTD, the RP2D was determined to be 600 mg BID. We would not recommend a higher dose that would potentially lead to a higher frequency and/or grade of GI symptoms and liver test abnormalities. In a similar phase Ib trial of patients with breast cancer, which included the same placebo-controlled study design and a higher dose of Poly E (800 mg BID), several DLTs were observed-GI bleeding, weight gain, insomnia, indigestion, and grade III liver test abnormalities (10) . In this study, the RP2D was also determined to be 600 mg BID. Interestingly, nausea and indigestion appeared to be more frequent, which could be related to the common use of proton pump inhibitors among patients with BE, as well as differences in AE reporting between the trials. Both trials contained small sample sizes (40 patients in the breast cancer trial), which would make comparisons of safety and tolerability difficult.
Treatment with Poly E or placebo did not reduce the length of Barrett's epithelium and did not significantly alter the expression of any potential protein biomarker. This could be related to the duration of therapy (i.e., 6 months), completion of study treatment prior to posttreatment endoscopy (15 subjects), and issues with compliance. Pill counts and daily subject diaries were not consistently collected in this trial, and compliance was difficult to determine for the majority of subjects.
Despite these limitations in trial conduct, treatment with Poly E (400 and 600 mg) but not Poly E (200 mg) or placebo resulted in detectable EGCG accumulation in the target organ, esophageal mucosa, and high accumulation in 6 subjects (i.e., >50 pmol/g). In contrast, in a recent trial of Poly E in men with prostate cancer, treatment with a lower dose (800 mg) and shorter course (3-6 weeks) resulted in low to undetectable green tea polyphenol levels in prostatectomy tissue, and levels of EGC were detectable in prostate tissue (range, 17.77-59.67 pmol/g) in 5 of 15 subjects (21). There are no reported studies which have measured EGCG in human esophageal tissue. In the current study, EGCG concentrations of baseline specimens were <10 pmol/g (within the "undetectable" range of the prostate cancer study) in all except 3 of the subjects-2 in the placebo and 1 in the 600-mg cohort; and posttreatment EGCG concentrations were in the undetectable range in the following subjects-5 of 10 (placebo), 3 of 5 (200 mg), 2 of 5 (400 mg), and 3 of 11 (600 mg). Furthermore, mean posttreatment EGCG concentrations were >10 pmol/g in only the 400-and 600-mg cohorts. Perhaps if study treatment were extended to a year or longer, continued exposure could lead to even higher achievable tissue concentrations and consequently reduction in the length and/or severity of dysplasia of Barrett's epithelium and/or significant changes in protein expression.
This trial also demonstrated a nonsignificant trend between Poly E dose and PGE-M concentration. COX2 and prostaglandin E2 receptors are upregulated in BE, and Poly E has been shown to decrease COX2 in colonic mucosa in animal models (22, 23) . Measurement of PGE2 in tissues is invasive, and PGE-M (24) has been shown to be an index of systemic PGE2 production (25) (26) (27) . Thus, urine PGE-M may be a useful and noninvasive biomarker for assessing chemoprevention activity. The current cohort of 28 subjects was likely not powered to detect a relationship between urine PGE-M levels and Poly E treatment, given the normal intersubject variation in baseline PGE-M levels and presence of confounders, such as gender, smoking status, and use of nonsteroidal, anti-inflammatory drugs (28) .
This study demonstrated the feasibility of conducting phase Ib studies in BE using endoscopic biopsy specimens and paraffinembedded specimens for proteomic analysis. There did not appear to be differences in the size of forceps, number of collected samples, or methods of specimen processing and storage between the 3 enrolling sites, and the reason for lower extracted protein concentrations in some specimens was not clear. The reason for the distinct unsupervised, institution-dependent clustering was also not clear, as protein extraction of all paraffin specimens was conducted at CUMC, and sample preparation and array hybridization occurred at the same time and during the same run at the RPPA facility. Methods should be investigated further and standardized if similar exploratory studies are planned across multiple institutions.
In a recent study, 98 subjects with cervical intraepithelial neoplasia were treated with Poly E (800 mg daily) or placebo for 4 months (29) . There were no reported differences in efficacy, possibly due to the lower dose and short duration of treatment. Conversely, a recent phase II trial of Poly E was reported, in which 42 patients with CLL were treated with a higher dose of Poly E (2000 mg BID) for up to 6 months (9). In this study, biologic responses were seen in the majority (69%) of patients, and Poly E was well tolerated. AEs consisted of GI events, liver test elevations, and fatigue. It may be difficult to investigate this higher dose in patients with BE, given their baseline GI symptoms, unless if perhaps investigated in combination with proton pump inhibitors.
In conclusion, we completed a prospective, phase Ib, placebocontrolled trial of Poly E in patients with BE. Poly E was welltolerated at all dose levels, and the RP2D dose (600 mg BID) is consistent with the recently reported Poly E breast cancer study (10) . Poly E treatment had measurable biologic effects in both esophageal tissue and urine. 
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